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ABSTRACT
Background: Snakebites are the main responsible for envenoming in dogs and the bothropic venom remains the most 
common in Brazil, which can induce a necrotic skin wound. Hyperbaric oxygen therapy (HBOT) use 100% oxygen under 
high pressure and used to treat different wounds in human patients. To the authors’ knowledge, no reports regarding to use 
the HBOT in skin wound caused by snakebite (Bothrops jararaca) are present in the literature. The present clinical case 
aimed to describe the use of HBOT for the treatment of an extensive necrotic wound caused by jararaca snakebite in a dog.
Case: A neutered 8-year-old mixed-breed dog, weighing 12 kg, was admitted with a 7-day history of extensive necrotic 
wound was identified in the face and neck causing by a snakebite, and no sign of pain. The procedure of HBOT (single 
sessions of 1.5 ATM, 45 min, repeated every 48 h, up to 12 sessions) was decided, and the complete blood cells, alanine 
aminotransferase, creatinine, creatine kinase, prothrombin time, activated partial thromboplastin time, wound clinical 
evaluation were measured at the following time-points: 2nd, 5th, 10th, and 12th sessions. At the 5th session was identified 
leukopenia, neutropenia and lymphopenia. Wound re-epithelialization was initiated after the 5th session, and the complete 
epithelialization was identified at the 12th session of HBOT. During the HBOT no side effects were identified. Three 
months after the HBOT finished, the animal returned to the clinic and the clinical status evolved positively, and the wound 
was completed healed. 
Discussion: This report described the treatment of an extensive necrotic skin wound caused by snakebite (Bothrops jararaca) 
in an 8-year-old, neutered, mixed-breed dog using the HBOT. The wound healing was achieved after 12 sessions, similar to 
the literature, which reported a ranging from 1 to 12 sessions. The HBOT protocol used in this case was similar as reported 
for human patients with chronic wounds due to the lack of HBOT protocols for animals. No reports regarding the use of 
HBOT for treat necrotic wound caused by snakebite was described in the literature, and to the authors’ knowledge, this is 
the first report in Brazil describing the use of HBOT in dogs. On the other hand, dogs with surgically induced skin wounds 
and treated with daily session of HBOT using the treatment protocol of 1.7 ATM (30 min) and 2.0 ATM (40 min) up to 7th 
day of treatment did not show significant results on healing [9]. This fact was associated with the HBOT achievement in the 
proliferative and remodeling phases of the healing process. The high intensity of HBOT was between the 5th and 10th session 
since the wound showed a higher area decrease rate and consequently increase of wound contraction. This period was cor-
responding to the 10th and 20th day of the healing process, which can be identified angiogenic activity, re-epithelialization, 
and collagen maturation. The decrease in PVC has been associated with the anticoagulant and/or hemorrhagic activity 
caused by the venom, and leukopenia, neutropenia and lymphopenia was related with possible bone marrow exhaustion. 
Single sessions of HBOT (1.5 ATM, 45 min, and repeat each 48 h, up to 12 session) induces healing of necrotic wound 
caused by snakebite (Bothrops jararaca) in an 8-year-old, neutered, mixed-breed dog without any side effects.
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INTRODUCTION
Bothrops jararaca snakes are the main 
responsible for envenoming in dogs in Brazil and 
trigger complexes pathophysiological and inflam-
matory processes [6,13,17]. Bothropic venom has 
anticoagulant, proteolytic and vasculotoxic action, 
and the necrotic lesion can be identified in the skin, 
subcutaneous tissue, muscle, or bones [2,13]. The 
necrosis is encouraged by a metalloproteinase - jara-
rhagin, which acts by degradation of sub-endothelial 
matrix proteins leading to the disruption of the blood 
vessel endothelium [2,6]. Systemic symptoms include 
weakness, anorexia, tachycardia and tachypnea, and 
hypovolemic shock [6,17]. HBOT involves the use of 
100% oxygen under high pressure and is used to treat 
chronic wounds, radiotherapy wounds, necrotizing 
fasciitis, and burns, among others [1,7]. In the present 
clinical case, the use of HBOT for the treatment of an 
extensive necrotic wound caused by jararaca snakebite 
in a dog is described. To the authors’ knowledge, this 
is the first report in Brazil describing the use of HBOT 
for this condition. This report will increment the data 
regarding the use of HBOT in dogs.
CASE
An 8-year-old mixed breed neutered dog, wei-
ghing 12 kg, living in a rural area, was presented at ve-
terinary clinic, São Paulo, Brazil, with a 7-day history 
of a wound in the face and neck caused by a jararaca 
snakebite (Bothrops jararaca) [Figure 1]. The owner 
reported that the animal had not been treated with any 
antibiotics or anti-inflammatory, and no physiological 
changes were observed. On physical examination was 
identified an extensive necrotic wound in the left side 
of the face and both sides of the neck (Figure 1) and 
revealed no pain during palpation. Other clinical pa-
rameters remained within the reference.
Complete blood count (CBC) revealed a 
decrease in PVC (PVC - 35.0%, normal range: 37.3 
- 61.7%) without any signs of anemia (erythrocytes 
- 5.5 M/mL, normal range: 5.65 - 8.87 M/mL; hemo-
globin - 14.1 g/dL, normal range: 13.1 - 20.5 g/dL). 
The biochemistry tests (alanine aminotransferase, 
creatinine, creatine kinase), and prothrombin time and 
activated partial thromboplastin time values remained 
within the reference limits.
The procedure of HBOT using a hyperbaric 
chamber for pets (Model HVM-M1®)1 [Figure 2] was 
decided. The treatment protocol consisted of single 
sessions of 1.5 ATM (45 min) with a compression and 
decompression pattern of 0.08 ATM per minute and was 
repeated every 48 h up to 12 sessions. The treatment was 
performed in the morning, and between each HBOT 
session, the wounds were cleaned with chlorhexidine 
Figure 1. A- Jararaca snake (Bothrops jararaca). B- Extensive necrotic 
wound in the left side of the face (black arrow) of an 8-year-old, mixed-
breed dog, weighing 12 kg. C- Extensive necrotic wound in both sides of 
the neck (black arrows), 7 days after snakebite.
Figure 2. Hyperbaric chamber* used in the treatment of a necrotic wound 
caused by snakebite (Bothrops jararaca) in an 8-year-old dog. *[Model 
HVM-M1® - length = 1.37 m, external diameter = 83 cm, height = 1.5 m, 
weight = 300 kg, pressure up to 3 ATM].
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digluconate 0.2% (Riohex®)2. No antibiotics or anti-
-inflammatory were prescribed during the HBOT.
The CBC, alanine aminotransferase, creatini-
ne, creatine kinase, prothrombin time, activated partial 
thromboplastin time, wound area, and wound contrac-
tion values were measured at the following time-points: 
2nd, 5th, 10th, and 12th sessions. The presence of exudate, 
bleeding, infection and re-epithelialization were deter-
mined at the same time-points. The dog was closely 
monitored for side effects during the compression 
and decompression phases, 1 h after each session, and 
was repeated every 24 h until finished the HBOT. The 
wound area was determined using an image software 
(ImageJ®)3, and the wound contraction was calculated 
according to the formula:
At the 5th session was identified  leukopenia 
(leucocytes - 3,817/mm3, normal range: 6,000 - 
17,000/mm3) associated with neutropenia (neutrophils 
- 3,285/mm3, normal range: 4,600 - 12,500/mm3) and 
lymphopenia (lymphocytes - 152/mm3, normal range: 
800 - 4,200/mm3). Biochemistry and prothrombin 
time and activated partial thromboplastin time values 
revealed normal. No changes in the others time-points 
were identified.
The wound re-epithelialization was initiated 
after the 5th session, and the complete epithelialization 
was identified at the 12th session of HBOT (Figure 3). 
During the HBOT no exudate, bleeding, or infection 
was observed in the wound.
No side effects were identified during the 
compression and decompression phases. However, 
the animal presented mild pruritus in the wound 48 
h after the 12th session of HBOT. Topical treatment 
with a lotion composed of vitamin A, B5, and E was 
prescribed and was repeated every 12 h. Significant 
improvement was observed after 24 h. Table 1 showed 
the wound area and wound contraction values.
The owner reported that the dog eating nor-
mally during and after the treatment, no changes were 
observed regarding behavior. Three months after the 
HBOT finished, the animal returned to the clinic and 
the clinical status evolved positively. The wound was 
healed and was identified presence of hair (Figure 4). 
CBC, biochemistry, prothrombin time, and activated 
partial thromboplastin time values remained within 
the reference limits.
DISCUSSION
This case report described the treatment of an 
extensive necrotic skin wound caused by snakebite 
(Bothrops jararaca) in a dog using the HBOT. Wound 
healing was achieved after 12 sessions, similar to 
the literature [3], which reported an average of 2.3 
sessions, and ranging from 1 to 12 sessions in dogs 
with different diseases, including the treatment of a 
necrotic wound with unknown etiology. On the other 
Figure 3. Healing evolution of the extensive necrotic skin wound of an 
8-year-old dog caused by snakebite (Bothrops jararaca) and treated with 
HBOT. A- Wound aspect in the 2nd session of HBOT showing the absence 
of necrotic tissue and presence of granulation tissue. B- Measurement of 
wound area using ImageJ® software. C- Wound aspect in the 5th session 
of HBOT. D- Wound aspect in the 10th session of HBO. E- Wound aspect 
in the 12th session of HBO.
Figure 4. An 8-year-old, mixed-breed dog diagnosed with extensive ne-
crotic skin wound on face and neck caused by snakebite (Bothrops jararaca) 
after 21 days of HBOT.
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hand, the hyperbaric chamber used in the present re-
port was for veterinarian use, and no adaptations were 
needed. The dog of the present report was not treated 
with antivenom because of the nonexistence scientific 
evidence that antivenom neutralizes the venom effect 
in tissue [2,6,13,17].
The novelty of this report concerning in the 
gap that exists in the literature regarding to the use of 
HBOT in skin wounds caused by jararaca venom in 
dogs. Various authors reported the efficacy of HBOT 
as an adjuvant in the treatment of necrotic wounds 
associated with snakebites (Bothrops sp.) in human 
patients [1,8,15]. On the other hand, no reports regar-
ding the use of HBOT for treat necrotic wound caused 
by snakebite was described in the literature, and to the 
authors’ knowledge, this is the first report in Brazil 
describing the use of HBOT in dogs.
The authors decided to use a similar protocol as 
reported for human patients with chronic wounds due 
to the lack of HBOT protocols for animals [3,8,10,15]. 
This fact was related to the high cost of the equipment, 
and, simultaneously, the lack of reports regarding the 
use of this therapy [3,8,15]. Dogs with surgically in-
duced skin wounds and treated with daily session of 
HBOT using the treatment protocol of 1.7 ATM (30 
min) on the first day of treatment following to 2.0 ATM 
(40 min) up to 7th day of treatment did not show signi-
ficant results on healing [11]. This fact was associated 
with the HBOT achievement in the proliferative and 
remodeling phases of the healing process [4].
The high intensity of HBOT was between the 
5th and 10th session since the wound showed a higher 
area decrease rate and consequently increase of wound 
contraction. This period was corresponding to the 
10th and 20th day of the healing process, which can be 
identified angiogenic activity, re-epithelialization, and 
collagen maturation [4]. Study reported that HBOT 
stimulates fibroblasts proliferation and collagen ma-
turation since oxygen is essential for hydroxylation of 
lysine and proline residues, as well as for protein cross-
-linking [12]. Others studies showed that, the HBOT 
promoted vasoconstriction by decreasing vasogenic 
edema without causing hypoxia; modulated the pro-
duction of nitric oxide, the vascular endothelial growth 
factors (VEFG), and inflammatory cytokines [4,5,14].
The presence of pain at the site of snakebite 
referenced by the literature [13,17] was not identified 
in our patient. The decrease in PVC has been associa-
ted with the anticoagulant and/or hemorrhagic activity 
caused by the venom [6,17], and the leukopenia, 
neutropenia and lymphopenia was related with pos-
sible bone marrow exhaustion [7,11]. However, these 
parameters remained in the normal range after the 5th 
HBOT session. On the other hand, the presence of renal 
failure, disseminated intravascular coagulation, and 
shock affected by snakebite (Bothrops sp.) reported 
in human patients was associated with the amount of 
venom inoculated by the snake, and the time between 
the snakebite and treatment [6,17].
The protocol that used in this report was 
considered safe since no significant side effects were 
identified, similar to literature [3,4]. These authors 
considered HBOT safe for dogs and cats when using 
pressure protocols between 1.5 and 3 ATM, and times 
ranging from 45 to 60 min [3,4]. In human patients, 
the main serious side effect is related to middle ear ba-
rotrauma and toxicity caused by excess oxygen [4,16].
The single sessions of HBOT (1.5 ATM, 45 
min, and repeat each 48 h, up to 12 session) induces he-
aling of necrotic wound caused by snakebite (Bothrops 
jararaca) in an 8-year-old, neutered, mixed-breed dog 
without any side effects.
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Table 1. Values of the area (mm2) and the wound contraction (%) of extensive necrotic skin wound caused by snakebite (Bothrops jararaca) and treated 
by HBOT at following time-points: 2nd session (TP1), 5th session (TP2), 10th sessions (TP3), and in the 12th session (TP4) of HBOT.
Time-points
Parameter TP1 TP2 TP3 TP4
Wound area (mm2) 8,393.8 6,362.6 820.7 0.0
Wound contraction (%) 0.0 24.2 90.2 100.0
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